Objective It is well known that depression deteriorates basic activities of daily living (ADLs), such as eating and bathing, among the elderly, but little is known about the early impact of depression symptoms on the next higher level of functioning, namely higher-levels ADLs, such as instrumental self-maintenance, intellectual activities, and social roles. The objective of this study was to determine whether symptoms of depression are associated with a subsequent decline in higher-level ADLs within a 12-month period of time. Methods The study cohort consisted of a random sample of 587 non-institutionalized adults aged C65 years living in Yamanashi prefecture, Japan. The baseline survey was conducted in 2003. After 12 months, a mailed follow-up survey evaluated changes in higher-level ADLs (follow-up rate 98.6%).
The results of studies performed to date suggest that symptoms of depression predict declines in basic ADLs [2] and instrumental ADLs [3] as well as declines in intellectual activities and social role performances [4] . The decline may begin in the higher-level ADLs and proceed to deterioration of the more basic ADLs [5] . We previously reported that severe depression symptoms are related to subsequent declines in ADLs [4] . However, little is known about the early impact of depression symptoms on the decline in higher-level ADLs. For example, it is likely that a depressive mood will reduce the will of an individual to integrate into the society around him/herself. Therefore, we hypothesized that symptoms of depression may first affect higher-level ADLs, causing a deterioration in these activities within a relatively short period. In this study, we evaluated the early (i.e., within 12 months) impact of depression symptoms on higher-level ADLs among the elderly. In addition, given that mental illness may impede social integration and that lifestyle risk factors (such as cigarette smoking and physical inactivity) require an extended time (i.e.,[1 year) to cause cardiovascular events (e.g., stroke and myocardial infarction that are other causes of functional disabilities), we also hypothesized that, within a short time-frame, the impact of depression on higher-level ADLs is stronger than those of traditional risk factors.
Methods
We used data from the Yamanashi Healthy Active Life Expectancy (Y-HALE) Study consisting of a random sample of 600 non-institutionalized residents of Yamanashi prefecture who were aged C65 years. Those who were registered in governmental long-term care insurance programs were not eligible for enrollment in our study since we considered such individuals as already being disabled. The response rate was 98.3% (n = 587, 303 men, 284 women). Trained investigators interviewed the subjects. Twelve months later, our postal survey evaluated the participants' higher-level ADLs and vital status. We had complete follow-up data for 579 (98.6%) respondents. This study was approved by the Ethics Committee at the University of Yamanashi, School of Medicine. A detailed description of the study design and baseline characteristics of the subjects is provided elsewhere [6] .
We evaluated high ADLs using the Tokyo Metropolitan Institute of Gerontology Index of Competence (TMIG-IC) [7] . This 13-item index has three components: instrumental self-maintenance, intellectual activity, and social role performance. Questions in the instrumental self-maintenance domain assess the abilities of instrumental ADLs, such as ''Can you use a bus or a train by yourself?'' and ''Are you able to shop for daily necessities?''. The intellectual activity domain includes questions such as ''Are you able to fill out forms for your pension?'' and ''Do you read newspapers?'', while questions in the social role component domain include those relevant to the maintenance of social life such as ''Do you visit the homes of friends?'' and ''Are you sometimes called on for advice?''. The participants are requested to answer either ''1 (Yes)'' or ''0 (No)'', and the summed scores indicate the higher-level ADLs. The validity and reliability of the TMIG-IC have been confirmed [7] . Following our previous approach [4] , a decline in higher-level ADLs was defined as the reduction in TMIG-IC scores (of the total or of each section) at the follow-up. Our preliminary sensitivity analysis using other definitions of higher-level ADLs decline by different cutoff points did not largely alter the association between severe depression and a decline in higher-level ADLs, while we determined that our cutoff point showed the most sensitive results.
The mental health component (MH) of the MOS 36-Items Short Form Health Survey (SF-36) Japanese version 1.2 [8] was used to evaluate participants' baseline symptoms of depression. The score for the MH component can range from 0 to 100 based on the answers to five questions evaluating the feelings of nervousness, depression, and happiness, as well as peacefulness and calmness. Yamazaki et al. [9] reported that the MH score and the Zung Self-rating Depression Scale were strongly correlated (correlation coefficient -0.63) and that severe depression symptoms determined by the MH cutoff score of 52 had a sensitivity of 91.8% and a specificity of 84.6% relative to the Zung Scale.
Statistical analysis
The data on 530 subjects for whom the TMIG-IC scores at baseline and follow-up and the baseline MH score were available (=complete dataset) were used in our analysis. The baseline characteristics for those subjects for whom the information on the variables was complete and those for whom data were missing were not statistically different. We examined the differences in the incidence of a decline in higher-level ADLs within a 12-month period of time based on the presence of severe depression symptoms, sociodemographic factors (age, gender, family composition, income, and educational attainment), health status (hospitalization, chronic disease history determined by regular visits to a doctor, and physical health measured by the SF-36 Physical Component Summary score) [8] , lifestyle factors (exercise habits, smoking, and alcohol intake), and baseline TMIG-IC score. We then used multiple logistic regression to model the association between baseline severe depressive symptoms and the incidence of a Environ Health Prev Med (2011) 16:196-201 197 decline in higher-level ADLs, adjusting for multiple potential confounders. Severe depression symptoms were defined by the suggested SF-36 cutoff score of 52 [9] . Income and educational levels were modeled as categorical parameters using dummy variables, including the categories for missing data. This inclusion of samples with missing data did not significantly alter the point estimates of the main results, only their statistical significance. By using a stepwise logistic regression approach, we additionally evaluated if depression symptoms have a stronger impact on higher-level ADLs than other risk factors, such as lifestyle and socioeconomic status. We performed all analyses using SAS ver. 9.1 (SAS Institute, Cary, NC).
Results
The baseline analysis revealed that participants who had symptoms of severe depression were more likely to have a low income (p = 0.04) and to suffer from poor physical health (p = 0.0003) and chronic diseases (p = 0.10). At the 1-year follow-up, 89 subjects (17%) had experienced a decline in higher-level ADLs. Among the subjects who showed signs of severe depression at baseline, 33% had a decline in total TMIG-IC score at the 1-year follow-up; in comparison, only 15% of those without signs of severe depression experienced a decline in total TMIG-IC score (p = 0.001) ( Table 1) . Logistic regression demonstrated that the relative risk (RR) for a decline in higher-level ADLs in those showing signs of severe depression symptoms, compared to those without the symptoms, was 2.8 [95% confidence interval (CI) 1.5-5.1] after adjusting for age, sex, and baseline TMIG-IC score. Further adjustments for family composition, socio-economic status, health status, lifestyle factors, and physical health did not largely change the estimate; the fully adjusted RR was 3.2 (95% CI 1.6-6.3). When we evaluated the effect of severe depression symptoms on the three components of the TMIG-IC, the fully adjusted RRs (95% CIs) were 6.8 (3.1-14.8), 1.8 (0.8-4.4), and 1.9 (0.9-4.2) for declines in social role function, intellectual activities, and instrumental selfmaintenance, respectively (Table 2 ). When we conducted stepwise logistic regression, in which age, sex, and baseline TMIG-IC score were forced to be included, severe depression symptoms were selected in all models except for the model using intellectual activities as outcome, while physical health was the single factor explaining the decline in intellectual activities (Table 2 ). In addition, sensitivity analyses using various specifications of covariates, including baseline TMIG-IC scores, confirmed that these findings were robust regardless of the specification of the covariates.
Discussion
Our results indicate that, among our participants, severe depression symptoms were strongly associated with an increased incidence of decline in higher-level ADLs within a 12-month period of time. The association was strongest with the highest level of ADLs (social role performance) and less strong with intellectual activities and instrumental self-maintenance. These associations were independent of an individual's socio-economic position, and other traditional risk factors did not largely alter the results. These findings support our hypothesis that severe depression symptoms begin to affect the ADLs of the elderly within 12 months-at the latest-of their appearance. In addition, the result of stepwise regression supported our hypothesis that within a relatively short time-frame, mental health may have a greater effect on the decline in higher-level ADLs than lifestyle factors.
The findings of this study support a potential psychological pathway linking depression and functional disabilities. As such, a persistent depressive mood, anxiety, impatience, and behavioral suppression may reduce an individual's desire to continue social activities, impeding access to necessary social support systems; it can also be a risk factor for disability and long-term care [10] .
Based on the results of stepwise models, mental health may be less important to the maintenance of intellectual activities than physical health, or both mental and physical health need to perform jointly in order to maintain intellectual activities.
There are a number of potential limitations to this study. First, our self-reported measure of depression symptoms is not the same as that for a clinical diagnosis of depression. However, the results of a validation study suggest that the SF-36 MH component can be used in both epidemiologic research and clinical practice [9] . Second, our findings may be confounded by unobserved variables and temporal changes in explanatory variables. For example, although in our multivariate models we adjusted for baseline health status, health status could change over time. As such and despite our prospective observational approach, these results should be interpreted with caution in terms of their causality, since both depression symptoms and ADLs were time-varying variables and they could influence each other over time. Thus, further evaluations using repeated measurements are needed. Third, potential dropouts due to institutionalization before the follow-up survey was completed may have led to an underestimation of the estimated risk. In fact, the average TMIG-IC score slightly (0.63 points) increased after 12 months, which may be the consequence of vulnerable individuals dropping out of the study. Fourth, due to the insufficient incidence of a decline in higher-level ADLs, we were not able to conduct more Table 1 Characteristics of the study subjects at baseline and at the 1-year follow-up and the percentages of declines in higher-level activities of daily living during the 12-month study period by baseline characteristics
Variable (no. of missing datasets) Baseline characteristics
Higher ADL decline at the follow-up, n (%) Total Depressive symptoms, n (%) (9) 276 (91) 48 (17) 39 (14) 19 (7) 37 (13) Female 253 (48) 37 (13) 247 (87) 41 (16) 21 (8) 26 (10) 31 (12) detailed evaluations, including the effect of milder depression symptoms and age-or gender-specific effects. Although our previous data categorized depression symptoms into four levels (i.e., none, mild, moderate, and severe) [4] , we dichotomized the variable in the present study. The non-significant associations between age, gender and decline in ADLs may also be explained by the short follow-up period. Finally, baseline cognitive function, which was not formally controlled, may affect participants' responses to our interview at baseline.
In conclusion, our findings suggest that severe depression symptoms can result in a deterioration of higher-level ADLs in the elderly within 12 months or earlier and that this deterioration is known to predict a future reduction of 
